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ATMOSPHERIC TRANSPARENCY FOR  RADIATION.^ 
By F. E. FOWLE. 

[Read Feb. 14,1911, before the Philoso]~liienl Society 01 Wsdilngtwi, D. C. 

A comparison of the trans arency of the earth's at- 

altitudes with values derived by computation from the 
barometric height, the amount of aqueous vapor, and the 
transparency above Mount Wilson for dry air will be 
made in this communication. 

niosphere as determined by di tE erelit, observers at  various 

O B S E R V E D  T R A N S P A R E N C I E S .  

For observed transparencies of the air recent data from 
the following stations will be used: Mount Whitney, alti- 
tude 4,420 meters (1); Alta Vista, 3,260 ineters (2); 
Pedrogil, 1,950 meters (2); Mount Wilson, 1,730 meters 
(1); Bassour, 1,160 meters (1); Orotava, 100 meters (2); 
Potsdam, 90 meters (2); Upsala, 50 meters (3); and 
Washington, 10 meters. The mean values for Washing- 
ton were recomputed from the values men in volume 2 

Smithsonian Institution, omitting those dates when the 
trans arency was apparently affected by volcaiiic dust. 

times probably free from such disturbance. The d a h  
will be found collected in Table 2. 

of the Annals of the Astrophysical 0 8' servatory of t,he 

All t % e data for the other places were obtained during 

C O M P U T E D  T R A N S P A R E N C I E S .  

In the solar-constant work at Mount Wilson (4) coeffi- 
cients of atmospheric transmission have been obtained 
a t  numerous wave lengths between 0.34p aiid 2 . 5 ~ .  It, 
has been shown in an earlier communication (6) that 
these coe5cients vary from day to day according to the 
amount of water vapor present in the atmosphere. The 
total quantity of atmospheric moisture present be tween 
the observiii station aiid the limit of the at8niospliere 

a yet earlier communicat,ion (61. The atmospheric 
moisture ranged from 0.27 to 1.77 ceiidimeters of pre- 
cipitable water, representing observations of 1SO days. 
Coefficients of transmission for the dry air above Mount 
Wilson were derived for 30 different wave lengths from 
those observed for moist air by the following process: 
The logarithms of the observed transmission coefficient.s 
were plotted as ordinates against the corresponding 
quantities of precipitable atmospheric moisture as ab- 
scissBe, and the best representative curves (which ap- 
peared to be right lines) were produced by a short estra- 
polation to zero of moisture. From consideratmion of t.he 
slope of these right lines, factors expressing the effect of 
water vapor on the atmospheric transmission were de- 
termined for the 30 wave lengths mentioned. The 
process and results are givcn in more detail in the paper 
cited (6), from which is taken tlie following tablc: 

was 'measure 5 by the spectroscopic method described in 

1 Publlshed by permission of the Secrefary of t.ne Smlthsonian Institution. 

TABLE l.-fiansniksibi2ity of radiation through the air above Mount 
1ViT'ilaon. 

The first line of the table contains aaA, the derived coeffi- 
cient, of transmission for dry air above Mount Wilson. 
The second line contains the corresponding coefficients 
as deiivecl by Rayleigh's theory from the number of mole- 
cules in the air. The third line will be described below. 
In the formula ImA=IoA(aaA)m, if Ion is the intensit of the 
incident beam of wavelengt,li 1, then Id woud  be its 
intensity after passing through the mass of d air m 
where m is unity for a celestial body observeTin the 
zenith and is a.p.proxiniately (within 1%) equal to the 
secant of the zenith distance when the body is more than 
20° above the horizon. 

The theory and theoreticad liiiiitat,ions of the method 
employed for determining the atmos heric transmission 
coefficients were given in voluine 2 o r  the Annals of this 
Observatory, pages 13 t>o 17. The soundness of the 
method is confirmed by a 
coefficie1it.s for dry air with 
Raylei 11's theory'of the atmos 

due wholly to scattering by 

of light: 
First, E ecause, assuming that 

ponents of dry air, the number of molecules per cubic 
cendinieter of a as (760 millimeters pressure, 0' C.), 26 
billion-billion, feternlined through the transnlission 
coefficients, corresponds very closely with what is 
ha 1s the best figure, 27 billion-billion, as determine by 

agreement of the compu t,ed aiid observed values over 
more than two octaves, escept in the region of selective 
absorption near the D lilies (1=0.53p t,o 1=0.65p), this 
agreemei?t! iiiclicatin a variation inversely as the fourth 

Rayleigli's theory of molecular scattering. 
The third line of the table gives correction factors b 

which the dry-air transmission coefficients must be mu{ 
t;ipliecl when the air vertically above the place contains 
an amount of wat.er Tapor which if condensed would form 
a layer 1 centinieter thick (1 centimeter precipitable 
water). The transnlission coefficient for nioist air ver- 
tmicallsy above hXoun t Wilson would then be aaA (a,#, where 
d is t,he aniouiib of precipit,ahle water in centimeters in 
the atnlosphere vertically above. The quantity d is best 
det,ermined spectrosco ically (8) but in the absence of 
such deternliiiatioiis Ip&nii's formula d = ke may be used 
where e is the vapor pressure in centimeters and k a con- 

xer- 
ot l! er processes (7); second, because of the continued 

power of the wave f ength as would be expected from 
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This formula has no factor allowing for the presence of 
dust and so is applicable only where the altitude renders 
the air coniparatively free from dust. When the amount 
of aqueous vapor in the atmosphere is not known by 
spectroscopic or other exact methods, recourse must be 
had to Hands expression, which, for any albtude, may 
be expressed as- -Il 

5.3 e lo*= 
where e is the vapor pressure in centimeters at  the place 
and h the altitude in meters above sea level. As before 
stnted, this, on the average, may give yalues approxi- 
iiiat,ely correct, although values for individual da s may 

A is as follows: Suppose O.SO8 (=a,&) of the light at 
0.431p coining from a celestial body in the zenith, rn= 1, 
reaches an observer on Mount Wilson, where the barome- 
ter equals 62 centimeters and when the air is void of 
water va or; and suppose, furthermore, that 0.967 
( =awl) o? the reniainiiig light would be transmitted 
were it to pass through 1 centimeter of water in the form 
of vapor. Then at  any other place, for example, Alta 
Vista, where the barometer reads 50.9 centimeters and 
the precipitable water is 0.51 centimeter for m = l ,  the 
corresponding transmission is- 
(0.80S5w/"0) X (0.967°.a1/1-oo) = 0.840 X 0.993 

be several tiiiles too large or small. The use of 9 ormula 

= 0.834 

.974 

stant for the place and e ual to about 1.9 for Mount Wil- 

tion by spectroscopic observations gave a mean value of 
k = 1.8 above Mount Wilson, that agreed approsiniat,ely 
with the value of Hands forniula, yet for individual days 
k ran cd from 0.33 to 5.30; accordingly little reliance 
shoul d be placed upon this forniula except when mean 
values for many days are under considerat.ion. 

While ad, due to dry air, a rees very nearly with what 

to water vapor, is niuch smaller than would be ex ec,tod 

vapor present in the ahnosphere and does not vary so 
close1 with the inverse fourth power of the wave lengt,h. 

particles which would deplete more uniformly than 
molecules throughout the s ectrum. This possibly may 

perhaps niore probably the formation of ions or nuclei 
under the influence of the ult,ra-violet radiat,ion from 
the sun. 

The more general formula for the transmission by 
moist air at  m y  altitude, where the barometer is ,!? centl- 
meters when the cmiount of precipitable water is d centi- 
meters and for any zenith distance of which m is the 

son. The wnter showe 8 (8)  that whereas redeternlina- 

would be espected from nio 7 ecular scattering, ami, due 

from a consideration of the iiuniber of molecules o P wat,er 

It be l aves as if it espressed a scattering due to grosser 

indicate the association of $ ust wit,li the wat,er vapor, but 

secant, is- 

Mount Whitneg, 4,420 nieters: 
D w  air.. .............................. 
Mdlst alr. .............................. 
Obyerved .............................. 
Departures I - .  ........................ 
Drv air. .......................................... 
Moht air ................................. 
O ~ v o d . .  ....................................... 

Aita Vuh, 3,-%0 meters: 

Departures I.- .  .................................. 

. i41 . lcii 
i3R .S3 

.741 . S45 
-. 004  .01? 

S40 ......I .%34 .an 
,018 

.9w) 

.980 .w 

.011 

.975 

.8cu . oo7 

.971 .w 

. I 9  

.os 

.9? 

. w 1  

.99l 

.975 

.OM 
.......... .......... .......... .......... 
.......... .......... .......... .......... 

TABLE 2.-Observed and computed QtltlO8phPriC t ramiwwn cocfieients. - 
'1.74 
-990 
.980 

-- 

ha00 
.913 . .9i7 

___ 
I 

.............. ..... .- -. 
I I I I I 

04 62.1 
.929 
.9i8 

.948 

.945 

.9lX 
-.w2 

.91? 

.937 . 92, . O l l i  

.931 

.9lS 

.910 .om 
,925 
,900 
.859 
.001 

.931 

. a 3  . Ml 

.072 

- 
. ss3 . SSl . Si? 
.010 

. ss; . Sljl . SW 

.s45 . S2S . v23 

.m 

..?all 

. i9S . ;ti9 

.031i 

. SI5 

. i43 

.1;99 

.or? 

. nzy 

. NJ!4 

.750 . 1-13 

,1131 

.a . i i 4  
(. i 5 i '  
,022 

.w 

.7tii  . Bli4 

.I34 

.i9S . ilQ 

.036 

-., . 

.931 

.9P . &7:! 
-.m 
.92 
,914 
, 9 0 4  . 011 

. 90s . 893 

. si .m 

.910 . Wh3 . StiH 

.01i 

. 90s . rei 

. 776 

.0*2 

. 8 8  . S3.5 

.MI; 

. a34 

.86 

. E57 

.p.'ll 

.n3s 

. ss5 . s-ln 

.;I;(l 
, 094  

. S i i  . 850 

.031 

.938 

.93ti 

.940 
-.a34 

. 9 3  

.924 

.910 . 01s 
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.go? .w 

-.m 
.go$ 
.s3 . Si4 
,004 

.910 

.Yll 

.;sc 

. 0 6 4  

.s93 . s49 

. 8 3  . il25 

. s92 .sf% . s34 

.03i 

.89: . si1 

.is. 

.os 

.w . P i (  

.011 

.955 i . %I4 

.955 ' 

-.Ocl I 

.9l6 

,1101 . E O  
:E 1 .914 

.w 

.983 

.956 

.w7 

........ ........ ....... ........ 

. . -. . -. . ........ ........ ........ 
.w 
. 9 n  
.970 
-002 

......... ......... ......... ......... 
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.989 
.975 
.912 
.031 

.w 
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.!Bo 
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. WI 
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.9iO 
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.843 . .so2 

.092 
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,900 
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I 
! Washing- 

.. _ _ _  :______I ~- -.-!--- 
cln. i CM. CM. Om. Cm. 

2.21 1 . s  I 1.57 0.33 

.OW I .OX 1 .07l I .043 .we 
.................................................. ......................................................... Precipitated H,O 0.21 i:ii I i6.0 i6.0 , 76.0 76.0 hrometer --!-- 

Mean departura.. .......................................... 
1 Fractional departures of the obwved  from the computed values. 
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In Table 2 will be found, in 4-line oups, the compari- 

h t  line of each group gives the transmissions coniputed 
from that for the dry air above Mount Wilson, taking 
into account only the difference of barometric pressure (cm,. They therefore represent the transniissions if no 
aqueous vapor were present. In the next line, these 
values have been multiplied by the correction factors for 
the mean amount of aqueous vapor present at  each 
station (aal a url I. These mean amounts of aqueous vapor 
together with the barometer heights are given a t  the foot 
of the table. The third line of each g o u  gives the mean 

ture of the observed from the computed values. The 
average of these departures for all wave lengths for the 
various places is given in the last line at  the bottom of 
Table 2. 

sons for each station for a number o F wave lengths. The 

p/CO d 

observed values. The fourth line, the P ractional depar- 

CONCLUSIONS. 

From Table 2 the following inferences may be made: 
The transparency of the air i t  any place depends on 
three factors: The transparency of dry air itself, which 
depends upon molecular scattering; the scatterings due 
to what may be termed wet haziness; and the scatterings 
due to dry haziness-the former associated wit,li water 
vapor, the latter with dust. It is because of these asso- 
ciated disturbances, modifying the quality of the air with 
changing altitude at every wave length, that Bouguer’s 
formula amp”ao for the trans arency of the air can not be 

earth, p the barometric pressure in millimeters, and M the 
air mass.) 

For those stations where dry haziness is present, the 
formula develo ed in this communication can not be 
expected to hold The fractional departures given ill tlie 
fourth line of Table 3 may however be taken as the 
vertical absorption coefficients due to this dust. For 
Orotava these average 7 er cent; for Potsdam, Upsala, 
and for Washington, on Pebruary 15, 1907, about 4 per 
cent. The data indicate that, as would be expected, the 
dust absorption does not vary much with the wave 
len th (10). 

i t  an altitude of about 1,000 meters the disturbance 
due to dry haziness may disappear and then formula (A) 
can be used to compute the transparency on clear days 
with an accuracy of about 1 er cent. 

At Bassour (1,160 meters7 the correction to the dry 
air transparency because of the aqueous vapor present 
varies with increasing wave lengths from 6 to 1 per cent. 

At the altitude of Mount Whitne (4,420 meters) 
water va or has practically disap e a r e l  and the scatter- 

molecules of the air alone. 
Cortain writers have criticized the method now almost 

universally used in the determination of the atmospheric 
transmission, implying that even at Mount Wilson and 
at Mount Whitne our estimations are 50 to 100 per cent 

the values of the solar constant of radiation, derived from 
measures of the intensit of the sun’s radiation at alti- 

used in passin from one 3 titude to another. (In this 
formula a is t 5l e transparency at  the surface of the 

ing of ra1iation on clear days is cp ue almost wholly to the 

in error. It wo UT d seem a strange freak of chance that 

tudes of 4,420, 1,730, an B 1,160 meters, corrected for the 

corresponding atmospheric losses, should agree within 1 
or 2 per cent if the method of finding the coefficients of 
atmospheric. transmission were likely to produce values 
so grossly in error. Added evidence of the correctness of 
the estimation of the atmospheric losses is furnished: 

air vary as the 
inverse fourth power of the wave lengtl, over a range of 
wave lengths from 0 . 3 6 ~  to 1.74,~ except where selective 
absor tion exists; 

3. E y  the agreement between computations of the 
number of molecules present in the atmosphere based on 
transmission coefficients and those by the most approved 
laboratory methods; 

3. By the agreement (when dust becomes a ne ligible 
factor) between values obtained by observation a t s o u n t  
Whitney, Alta Vista, Pedrogil, and Bassour and those 
coniputed for these stations from values observed at 
Mount Wilson. 

Before concluding, the writer wishes to express his 
gratitude to Mr. C. G. Abbot for his criticisms and sug- 
estions in the course of the preparation of this matter 

for publication. 

1. By tlie fact that the losses in dr 

SUMMARY. 

The transparency of the here on clear days is 
ree obstructions: The 

with water vapor (wet haze), and ordinary dust (dry 
haze). It is due to the change in these last two factors 
with the altitude that the quality of the transparency of 
the air, even with homogeneous rays, changes and that 
Bou uer’s formula for atmospheric transmission may 

These objections do not hold against its proper use with 
high and low sun observations a t  a single station. 

Above an altitude of 1,000 nieters on clear days the 
dry haze may become a negligible factor and the formula 
(A) developed in this coniniunication can be used to 
coni lute the tmns arency to within 1 per cent. 

Akove Mount d i i t ney  (4,420 meters) the wet haze on 
clear days may also become negligible and the obstruction 
offered to transmitted radiation is practically wholly 
due to tlie molecules of the air. 

dependent on scatterin 
niolecules of the air itse f f (dry air), hindrances associated 

not 53 e used in passing from one altitude to another. 
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